Objective: The goal of this review was to assess the impact of colorectal endometriosis on spontaneous fertility and the potential benefit of Medically Assisted Reproduction (MAR) (in vitro fertilization and intrauterine insemination) and surgery on fertility outcomes.
Introduction
Endometriosis, a well-known cause of pain and infertility affecting 10 to 15% of women of childbearing age, is defined histologically by the presence of endometrial glands and stroma outside the uterus [1] . Deep infiltrating endometriosis (DIE), defined by the European Society of Human Reproduction and Embryology (ESHRE) as the infiltration of endometriotic tissue by more than 5 mm beneath the peritoneum, is estimated to affect more than 20% of women with endometriosis and as many as 55% of patients referred to specialized centers [2] [3] [4] [5] .
Among the various locations of DIE lesions, colorectal endometriosis, involving the rectosigmoid junction and rectum, represents the most severe form affecting 5.3 to 12% of women with endometriosis [6, 7] and accounting for more than 90% of all bowel endometriosis [8] [9] [10] [11] [12] [13] [14] . As colorectal endometriosis is often associated with other lesions involving the uterosacral ligaments, torus uterinum, parametrium, vagina, as well as the ovaries, the impact of colorectal endometriosis alone on fertility is unclear [8, 10, 12, 13] . In addition, these endometriotic lesions are often associated with external or internal adenomyosis that can also alter fertility outcomes [15] . Despite numerous published reports, there is a lack of data on spontaneous pregnancy in patients with colorectal endometriosis and risk factors of infertility thereby remain poorly identified. The meta-analysis of Adamson et al., demonstrated that surgical removal of lesions in women with ASRM stage III-IV (American Society of Reproductive Medicine classification) was associated with an increased spontaneous pregnancy rate (PR) with a differential gain in pregnancy of 39% [16] . Along with the ASRM classification which is widely used to stage DIE, the ENZIAN-score was developed more recently. Both classifications have their strong and weak points: on one hand the ASRM classification evaluates intraperitoneal abnormalities associated with A c c e p t e d M a n u s c r i p t 5 endometriosis but does not take into account the presence of DIE lesions, and on the other, the ENZIAN-score evaluates DIE lesions but does not consider intraperitoneal endometriotic locations. For these reasons, a new classification is justified taking into account both intraand subperitoneal endometriotic lesions [17] .
Another concern is the absence of consensus about indications for colorectal surgery for infertility as well as the type of surgery (rectal shaving, discoid excision or segmental resection) [18] . Moreover, interpretation of fertility results after colorectal surgery is difficult, as most authors fail to distinguish patients with true infertility from those wishing to conceive without proved infertility (no attempt to being pregnant longer than one year preoperatively) and for whom a first line MAR is rapidly proposed).
Therefore, the aims of the present review were to evaluate the impact of colorectal endometriosis on fertility and the contribution of medically assisted reproduction (MAR) and of colorectal surgery on fertility outcomes in women with and without preexisting proved infertility.
Methods
We used the methodology recommended by the Prisma statement for reviews and meta-analyses. The literature research was conducted in Medline, Embase and the Cochrane Library and was limited to studies published in English and French between January 1990 and November 2015. The Mesh Database of Pubmed helped steer the search by combining the following Mesh keywords: "deep endometriosis", "deep infiltrating endometriosis", "bowel endometriosis" and "colorectal endometriosis" associated with the terms "fertility", "infertility", "IVF-ICSI", "Assisted Reproductive Techniques (ART)" and "MAR". To ensure the relevance of the publications we also only included articles that: distinguished between women wishing to conceive and infertile women defined by the absence of conception after one year of attempt; described fertility outcomes before and after surgery; and reported the Page 6 of 35 A c c e p t e d M a n u s c r i p t 6 type of surgery. We removed all redundant articles from the initial screening as well as those where the title, abstract or material and methods did not fit the aims of our work (Figure 1 ).
In this review, we use the World Health Organization International Committee Monitoring Assisted Reproductive Technologies (WHO ICMART) definitions: ART (including in vitro fertilization (IVF), embryo or gamete intrafallopian transfer, zygote intrafallopian transfer, tubal embryo transfer, gamete and embryo cryopreservation, oocyte and embryo donation, and gestational surrogacy); and MAR (including ovulation induction, controlled ovarian stimulation, ovulation triggering and intrauterine insemination (IUI) using sperm from either a partner or sperm donor) [19, 20] .
Issues on fertility and colorectal endometriosis.
The main issue with colorectal endometriosis is to prove the relation between the presence of bowel endometriosis and infertility. In addition to a previous meta-analysis demonstrating the low spontaneous PR especially in women with advanced stages of the disease [21] , Eijkemans et al. evaluated the chance of pregnancy on an IVF-ICSI waiting-list of couples with various causes of infertility [22] . They found that the cumulative probability of treatment-free ongoing pregnancy was 9% at 12 months. Diagnostic categories showed that the lowest hazard ratio was noted for women with endometriosis (0.7 compared with those with tubal infertility) demonstrating the negative impact of endometriosis on spontaneous pregnancy. However, this study did not distinguish between women with endometriosis those with colorectal lesions.
Another issue is the use of a consensual anatomical and surgical terminology when comparing series. Some authors define rectovaginal septum (RVS) endometriosis as endometriosis involving visceral fascia located between the vagina and rectum with or without extension to the uterosacral ligaments or to the vagina but without bowel M a n u s c r i p t 7 endometriosis [18] , while others include obliteration of the pouch of Douglas with or without colorectal infiltration under the term RVS [23] .
From a surgical point of view, there is also some ambiguity concerning surgical procedures. For example, Donnez et al. [24] defined shaving as a separation of the anterior from the posterior vagina, an excision or ablation of DIE after complete dissection of the nodule from the posterior part of the cervix, systematically removing the posterior vaginal fornix while Meuleman et al. [18] defined rectal shaving as superficial peeling of bowel serosal and subserosal endometriosis. Six studies assessed the impact of surgery on fertility outcomes in women with RVS endometriosis [24] [25] [26] [27] [28] [29] but none of them distinguished between women with and without colorectal endometriosis. These six studies were thus excluded from the present review.
Finally, in accordance with previous studies [18] , we suggest the following definitions: rectal shaving as the superficial serosal and subserosal excision of endometriosis not requiring suturing or closuring; rectal partial thickness excision (also called deep rectal shaving) as excision of the rectal muscularis excision without opening the rectal mucosa but requiring suturing or closuring; rectal full thickness excision as the entire resection of the rectal wall including the mucosa whatever the technique used and including open full thickness discoid excision followed by suture or closure and closed full thickness discoid excision using stapler; and colorectal resection as segmental resection. The novel laparoscopic and transanal resection of lower-and mid-rectal endometriosis, also called the Rouen technique, is considered a rectal full thickness resection [30] . To analyze fertility outcomes, we also distinguished series with in situ colorectal endometriosis composed of women undergoing no colorectal surgery neither rectal shaving. Conversely, the colorectal surgery group was composed of women who had had colorectal surgery whatever the technique and including superficial rectal shaving.
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Spontaneous fertility in women with in situ colorectal endometriosis
To our knowledge, only one study to date has assessed fertility outcomes without surgery in a population of women with RVS endometriosis but without clearly identifying those with bowel involvement [25] . In this series, two groups of patients were distinguished; the expectant management group composed of 61 patients and the surgery group composed of 41 patients. Twenty-two of the 61 women (36%) included in the expectant management group conceived: three spontaneous pregnancies (13%), four after ovarian stimulation and 15 after IUI. During a mean follow-up period of 24 months, the cumulative PR was 46.8 % [25] .
Recently, Roman et al. [30] provided supplementary data on spontaneous PR from Bianchi et al. study. Ten of 115 women opting for first IVF treatment conceived spontaneously (PR= 8.7 %). However, the proportion of women with colorectal involvement in this study was not clearly identified in the initial report. This spontaneous PR is in agreement with those of previous studies, not focusing on a population with colorectal endometriosis, reporting a spontaneous PR of about 10% [22, 31] .
Two studies have evaluated the spontaneous PR in women undergoing resection of DIE but leaving in situ colorectal endometriosis [32, 33] (Table 1 ). The spontaneous PR was 26.5% (95% CI = 14-39) (Figure 2 ). However, the results of these studies are too different to be able to draw a definite conclusion about this option.
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Fertility after MAR in women with in situ colorectal endometriosis
Despite encouraging data on fertility after discoid resection of colorectal endometriosis [34] , due to the relatively high rate of complications -including neurogenic bladder, rectovaginal fistulae and anastomotic dehiscence -subsequent to colorectal surgery mainly involving segmental resection [18] , physicians often opt for MAR in the context of infertility rather than select patients who may benefit from prior surgery with potential spontaneous pregnancy. This first-intention MAR option would appear to be suitable as a previous study [35] demonstrated that, with the exception of women with endometrioma, infertile women with various stages of endometriosis have the same PR rates in IVF-ICSI than those with tubal factor. In a preliminary study [36] Mathieu d'Argent et al., found a PR after one IVF-ICSI cycle of 41%. Moreover, in accordance with a previous study [35] , no difference in PR was noted between women with colorectal endometriosis and those with tubal or male infertility. Subsequently, in a multicenter study including the women from Mathieu d'Argent et al.'s series, Ballester et al. [37] showed that the cumulative PRs after one and two IVF-ICSI cycles were 29.3 and 52.9%, respectively. In this specific setting, we are currently waiting for the results of an ongoing trial comparing first-intention MAR and colorectal surgery in women with patent fallopian tubes and without associated male infertility to build a therapeutic strategy.
Three studies reported the PR after MAR including the two previously mentioned series with resection of DIE and leaving in situ colorectal endometriosis [32, 33] and one including patients with no surgery [37] 
Spontaneous fertility after surgery for colorectal endometriosis
The main issue is when to opt for surgery in the context of infertility associated with colorectal endometriosis. In our institution, except for women with tubal pathology or associated male infertility requiring systematic IVF-ICSI management, if pregnancy is the priority for the woman we opt for first-intention IVF-ICSI treatment due to the lack of data proving the superiority of surgery over MAR. This option offers a high cumulative PR till two cycles. After failure of two IVF-ICSI cycles, we recommend a colorectal surgery as there is little benefit on the cumulative PR of adding further cycles. Moreover, this strategy is supported by the possibility of spontaneous pregnancy after surgery even in patients experiencing failure of IVF-ICSI and that only four IVF-ICSI cycles are reimbursed by the French health system.
Other authors recommend first-intention surgery in the context of infertility associated with colorectal endometriosis due to the resulting high spontaneous PR. The influence of bowel endometriosis on spontaneous fertility and the impact of surgery was evaluated in a controlled non-randomized study [32] . Among the 155 women who had been infertile for over two years, three groups were defined: group A consisted of 60 women undergoing both DIE and colorectal resection; group B of 40 women undergoing DIE removal leaving in situ colorectal endometriosis; and group C of 55 women without bowel endometriosis undergoing DIE removal. With a mean follow-up of 27 months, spontaneous PR in groups A and B were 40% and 30%, respectively [32] . Overall, the PR was higher in group C (i.e., women without 
Results of MAR on fertility after colorectal resection for endometriosis
The ESHRE guidelines state that the effectiveness of surgical excision of deep nodular lesions before MAR treatment in women with endometriosis-associated infertility is not well established in terms of reproductive outcome [5] .
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A recent French retrospective study [58] reported no difference in PR and birth rate after IVF-ICSI between women with no surgery, incomplete and complete removal of endometriotic lesions. In this study, 177 women with DIE were included, 65 in the IVF without surgery group, 49 in the complete surgery group and 63 in the incomplete surgery group (adhesiolysis, cystectomy, ovariectomy, salpingectomy, tubal surgery or partial DIE removal). Pregnancy rates and live birth rates per women were similar in the 3 groups: 46.2% and 33.9% in the IVF without surgery group, 51% and 30.5% in the complete surgery group and 41.3% and 35.6 % in the incomplete surgery group. However, this study did not specifically assess the outcomes in women with colorectal involvement. Moreover, the rate of miscarriage after complete removal was twice as high in the group of complete surgery compared to the two others. These results are in contrast with those of Stepniewska et al. [32] who report a higher overall PR (both spontaneous and after MAR) in women undergoing colorectal resection but no difference in the spontaneous PR between women undergoing DIE surgery with colorectal resection or leaving in situ colorectal endometriosis. Indeed, the pregnancy rate was lower when bowel endometriosis was not remove (group A and B compared with group C). The monthly fecundity rate in groups A, B and C were 2.3%, 0.84% and 3.95%, respectively (P < 0.05). These data support the idea that the presence of bowel infiltration by endometriosis negatively influences the reproductive outcome and that complete removal of endometriosis with colorectal resection enhances fertility.
In the present review (Table 2) , the overall PR after colorectal resection was 51.1% (95% CI = 48-54) underlining the relatively limited contribution of MAR in this specific population ( Figure 7) . Indeed, the differential benefit of MAR on overall PR was 19.8% (95% CI = 17-22) (Figure 8 
Limiting factors when evaluating fertility in women with colorectal endometriosis.
Fertility in women with colorectal endometriosis requires careful analysis, especially after surgery. As previously mentioned, the term surgery for colorectal endometriosis comprises various types such as segmental resection, rectal shaving or discoid resection. Due to the difficulties of clearly identifying fertility outcomes after discoid resection or rectal shaving, it is difficult to analyze the specific contribution of these surgical approaches on fertility. Moreover, the majority of studies on colorectal surgery for endometriosis gave the median age of the whole population but median age in the subgroup of patients wishing to conceive or with infertility is often missing. However, encouraging data exist relating the postoperative fertility in women managed with disc excision [59] .
Previous studies [37, 44] have reported a lower PR in women with endometriosis associated with adenomyosis. However, these authors did not distinguish between external and internal adenomyosis or between diffuse and focal adenomyosis. Ballester et al. [37] demonstrated the negative impact of adenomyosis on PR with no additional pregnancy being obtained after the first IVF-ICSI cycle. Finally, a recent meta-analysis including five series of rectovaginal and colorectal endometriosis reported a PR of only 11.9% in women with concomitant adenomyosis while the PR was 43.0% in those without [15] .
Another limiting factor is determining when to opt for either expectant management or IVF-ICSI treatment after colorectal surgery. One previous study demonstrated that the ASRM classification has a relatively low accuracy in predicting fertility outcomes [25] . Adamson published an external validation of the EFI showing a high correlation between the EFI and the time to spontaneous pregnancy with a cumulative overall pregnancy rate at 12 months of 45.5% ranging from 16.7% for EFI scores 0-3 to 62.5% for EFI scores 9-10 [60] . Despite these results, the authors concluded that the EFI score had a moderate performance in predicting PR. Moreover, the EFI does not take into account the impact of DIE. In this specific condition, Ballester et al. [61] developed a nomogram to predict the PR after an IVF-CSI cycle in women with DIE and identified several criteria including the woman's age, the anti-Müllerian hormone (AMH) serum level, and the number of ICSI-IVF cycles. While this well-calibrated model predicts clinical PR in infertile women with DIE, it is not specific to colorectal endometriosis and thus further analysis is justified.
Moreover, as mentioned in a recent review on DIE, the results of surgery on fertility have to be interpreted with caution to take into account not only tubal patency but also other infertility determining factors such as ovarian reserve, evaluated by AMH serum level, and sonographic follicle antral count as well as sperm characteristics [21] . Moreover, for women without an immediate desire to conceive, these parameters can be used to opt for ovarian or oocyte cryopreservation.
Finally, when starting a pregnancy with in situ deep infiltrating endometriosis, women have to be informed on the potential higher complication rate. Indeed, Saraswat et al. [62] reported a higher rates of miscarriage, ectopic pregnancy, antepartum and postpartum hemorrhage, placenta praevia and preterm birth compared to patients without endometriosis.
Conclusion
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Our review underlines the lack of data from randomized trials to determine the surgical management of women with colorectal endometriosis and associated infertility.
While some studies have identified a potential benefit of surgery on fertility outcomes, further investigations are required to determine fertility outcomes according to surgical procedures and whether surgical management should be first-intention or restricted to failure of MAR.
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Condensation:
Colorectal resection is associated with an increased in pregnancy rate in patients with prior infertility associated with endometriosis or wishing to conceive without true infertility.
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